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• Development of the methodology (Martín, 2004)
• Implementation in S‐PLUS (Liébana and Molons, 2005)
• Application in Hospitalet de Llobregat (Barriuso and Estupiñà, 2006)
DURABILITY ANALISIS IN THE BUILDING STOCK
• General proposal of durability estimators (Gibert and Royano, 2010)
Methodology
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• Solve the problem of inconsistency
• Having a tool to estimate the durability for successive events
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2.1 CENSORED DATA
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• Left‐censored data :  or  
• Right‐censored data: or    
• Interval‐censored data: 
• Exact data:
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2.2 TURNBULL’s ESTIMATOR
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• TURNBULL’s estimator (Turnbull, 1976) maximizes the non‐
parametric likelihood function for the data
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• KAPLAN and MEIER estimator for right‐censored data (Kaplan and
Meier, 1958)
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Turnbull (1976) demonstrates that the optimal solution gives only
positive probability mass, , inm disjoint intervals
• is the probability of failure for j‐th Turnbull interval.
•
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and the problem is reduced to maximize the likelihood function
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2.3 THE R SOFTWARE
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• The CRAN Project (R Development Core Team, 2012)
• The packages survival (Therneau and Lumnley, 2012)
• The Icens Packages (Gentlman and Vandal, 2008)
‐ Function EMICM()
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3.1 THE AMPL LANGUAGE 
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• Modeling language to solve optimization problems (Fourer et
al., 1990)
‐ Integer programming
‐ Linear programming
‐ Non‐linear programming
• Available solvers on the NEOS server (Czyzyk, Mesnier and More, 1998)
‐ At a local level
‐ Through its direct access
Number of variables 
and constraints
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3.2 THE SNOPT SOLVER
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• Solve problems with nonlinear constraints.
• At the local level it is limited to 300 variables and/or constraints.
• It requires three files:
‐ The Model file
‐ The Data file
‐ The Run file
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3.2 THE SNOPT SOLVER
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• Langohr and Gómez (2005) implemented in AMPL, using NEOS, a 
survival estimator for interval‐censored data in a fully parametric 
approach.
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• In the non‐parametric framework, and as a first step, we propose 
the implementation of the Turnbull estimator in AMPL, what we 
call the TEA algorithm. 
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3.3 THE TEA METHOD
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The MODEL file:
‐ Definition and initialization parameters.
‐ Computation of the Turnbull intervals.
‐ Computation of the matrix
contributions.
‐ Definition of the variables.
‐ Definition of the objective function.
‐ Definition of the constraints.
3.3 THE TEA METHOD
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The DATA file:
‐ Definition of the number of data N.
‐ Definition of the matrix data datmat.
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The RUN file:
‐ Calls to model and data files.
‐ Choice of the solver.
‐ Initialitzation of the maximization.
‐ Print of the results. 
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Number job and
password. Date to start and 
finish running
Checking the
existence of
three files.
RESULTS
Number of variables and
restrictions of problem
to optimize.
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Is the identification process of the
Turnbull’s intervals the same when
the maximization problem includes
order restrictions?
Introduction Methodology The AMPL language Estimation of the durability with order restrictions ConclusionsSimulation of one practical case
27
4.1 THE SEAR ALGORITHM
Introduction Methodology The AMPL language Estimation of the durability with order restrictions ConclusionsSimulation of one practical case
28
• We programmed again the TEA method
‐ Calculating all possible intervals. 
‐ Adding order restrictions.
4.1 THE SEAR ALGORITHM
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• Formally  the optimization problem is :
where and is a known 
vector of probabilities
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5.1 DATA SIMULATION
• N = 2500
• Failure times:  Exp(    ) with years 7060,40 and
• Inspection Times: Uniform [0,125]
• Censored Observations: with),( ki
k
i RL 3,2,1k
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5.2 MODIFIED SIMULATED DATA
• Modify failure times for severity 2 for individuals:
‐ Inspection times between 65 and 80 years old.
‐ Failure times > inspection times
• Failure times = Inspection times
‐ Exact Observations,  .),( ii CC
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5.3 ESTIMATION OF THE DURABILITY
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6.1 CONCLUSIONS
• Implementation  of the Turnbull algorithm in AMPL 
language.
• Implementation of SEAR algorithm to estimate durability
curves with order restrictions.
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6.2 FUTURE RESEARCH
• To prove theoretically the extension of the Turnbull
estimator for successive survival functions.
• To develop the implementation of a library in R to estimate
the Turnbull estimator with order restrictions.
• To improve the implementation for TEA and SEAR in AMPL
language.
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Thank you very much for your attention !
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